Figure S1
.
Step-by-step scheme summarizing the procedure of the present study. Each step is described in greater detail in the Methods section. 2 -normalized expression from the different series is displayed as a transformed z-score (centered at the mean of the non-metastatic group for each series). miRNA expression in primary tumors of patients with nonmPPGL is shown in green, in primary tumors of patients with mPPGL in orange, and in metastatic tissues in red (metastatic tissues were only available from 8 patients, whose paired primary tumors are included in the orange group and the expression was only evaluated for the validated miRNAs). Data are shown as mean ± SD. * FDR<0.05 for the discovery series obtained during the differential expression analysis, and P<0.05 from a nonparametric Mann-Whitney test in the validation series. . Plots show levels of the indicated miRNAs determined by ddPCR in conditioned medium preparations (cells incubated for 24h in serum-free media) equivalent to 60,000 cells. Levels of miR-202-5p and miR-551b-3p were undetectable. Error bars indicate standard error of the mean from three independent conditioned medium preparations. Unpaired t-test was applied to test for differences (*: P<0.05).
Table S1. Clinical data of patients included in the validation series and patients with primary-metastatic paired samples available
For the validation series, twenty-four cases were classified as non-metastatic, as patients were disease free at the time of the last clinical follow-up (≥ 4 years follow-up, median=8.5 years). The remaining twenty-five samples were classified as metastatic since the patients presented tumor cells at non-chromaffin sites. The proportion of SDHB cases per group (28% in the metastatic and 8% in the non-metastatic group) was similar to that observed in the discovery series (average in the three sub-series of 24.3% and 4.4% in metastatic and non-metastatic groups, respectively). WT: wild type; PGL: Paraganglioma; PCC: Pheochromocytoma. 
METASTATIC -25 cases -
BENIGN (>4 yr. follow-up) -24 cases - PRIMARY-METASTATIC PAIRED SAMPLES -8 cases - genotype SDHB SDHD NF1 VHL RET SDHA HRAS EPAS1 MAX ATRX MDH2 GOT2 WT 7 (28%) 3 2 2 2 1 1 1 - 1 1 1 3 2 (8%) - 1 3 5 1 2 1 1 - - - 8 6 - 1 - - - - - - - - - 1 location PGL PCC PGL & PCC
miR-7-5p
Potential tumor suppressor in melanoma, glioblastoma, papillary thyroid and adrenocortical carcinoma, breast, bladder and prostate cancer [18, 19, 28, [20] [21] [22] [23] [24] [25] [26] [27] Upregulated in neuroendocrine neoplasms of the small intestine [29] Mostly tumor suppressor Down Yes
miR-542-3p
Potential tumor suppressor in osteosarcoma, hepatocellular and oral squamous cell carcinomas, colorectal, non-small cell lung, esophageal, gastric and bladder cancers, neuroblastoma, melanoma, astrocytoma [30, 31, [40] [41] [42] [43] [44] [45] [46] [47] [32] [33] [34] [35] [36] [37] [38] [39] Tumor suppressor Up No
miR-503-5p
Potential tumor suppressor in breast, colorectal, esophageal, gastric and non-small cell lung cancers, glioblastoma, glioma, hepatocellular carcinoma and osteosarcoma [48, 49, 58, 59, [50] [51] [52] [53] [54] [55] [56] [57] Potential oncomiR in colorectal and oesophageal cancers, glioblastoma [60] [61] [62] [63] ? Up Yes
miR-96-5p
Already reported to be upregulated in PPGLs 's correlation (rho) between miR-21-3p and the expression of selected potential target For each gene in sub-series 1 and 2, we only show the two probes, when available, with the most significant correlation. For each gene in sub-series 1 and 2, we only show the two probes, when available, with the most significant correlation. RAI2 function has not been characterized, but its expression is induced by retinoic acid that plays a critical role in development, cell growth, and differentiation
3
Tumor suppressor reported in breast and colorectal cancer [71] [72] [73] Tumor suppressor YES
SMAD7, SMAD family member 7
Involved in regulation of the TGF-β pathway 310
Dual role in the regulation of cancer progression [74, 75] , mostly reported to be a negative regulator of the pathway involved in epithelial-to-mesenchymal transition and metastasis [76] Mostly tumor suppressor YES
PLCB4, phospholipase C beta 4
Catalyzes the formation of inositol trisphosphate and diacylglycerol from PIP2: involved in the transduction of signals in the retina 6 Gain-of function alterations reported in cancer [77] [78] [79] [80] [81] Oncogene NO
STK35, serine/threonine kinase 35
Regulator of actin stress fibers in non-muscle cells 3 Might have an oncogenic role in osteosarcoma [82] ? NO
CETN3, centrin 3
Calcium binding-protein; it plays a fundamental role in centrosome duplication and separation 5 Loss of CETN3 connected to elevated EGFR [83] ? NO
KLHDC3, kelch domain containing 3
Involved in V(D)J and meiotic recombination, specifically expressed in testis 0 -? NO
PEX12, peroxisomal biogenesis factor 12
Essential for the assembly of functional peroxisomes 1 -? NO SGPL1, Sphingosine-1-Phosphate Lyase 1 -13
Sphingosine 1-phosphate (S1P) is a lipid with important roles in growth, survival and migration. It has been largely studied in cancer and SGPL1 is the phosphatase that irreversibly cleaves S1P and is the only exit point from sphingolipid pathways [84, 85] Tumor suppressor YES
CCND2, cyclin D2
Forms a complex with CDK4/CDK6 and functions as a regulatory subunit of the complex, whose activity is required for cell cycle G1/S transition ¤ Information obtained by quick reviewing abstracts from references obtained in Ꙙ , which might be useful to establish a potential role of the gene in cancer. Only those miRs whose "potential role according to literature" was in agreement with a potential involvement in the disease were selected for further study. 
Discovery of differentially expressed miRNAs
Merging the three datasets was not possible since different platforms had been used, and therefore they were treated as three sub-series of a larger discovery series as specified bellow:
Sub-series 1: Microarray image acquisition and analysis was done using a G2505C microarray scanner (Agilent). The text files with the data of the processed images were analyzed with limma R package (version 3.26.9). Background correction was done using the "normexp" method. Normalization between arrays was done applying the "quantile" method. Values for within-array replicate probes were replaced with their average by using the avereps function of limma.
After estimating the fold changes and standard errors by fitting a linear model for each probe and applying the empirical Bayes to smooth the standard errors, a list of probes was obtained that were differentially expressed between metastatic and non-metastatic samples. The miRNA names corresponding to the probes were converted to those of release 20 of miRBase [6] by using an in-house Perl script that processed the conversion files downloaded from miRBase Tracker [7] .
Sub-series 2: The miRNA read files of the samples in FastQ format were aligned to release 20 of miRBase [6] using bowtie [8] (version 0.12.7) with seed length equal to 17; no mismatches were allowed in the seed and at most one alignment per read was allowed. Htseq-count [9] (version 0.5.3p9) was used to generate the read count data for each miRNA.
Only miRNAs having a minimum of 15 counts in at least 7.3 % of the samples in both the subset of metastatic samples and the subset of non-metastatic samples were selected for further the analysis.
The edgeR package (version 3.12.1) [10] was then used to normalize the matrix using the trimmed mean of M-values (TMM) [11] and extract the list of differentially expressed genes by using the exactTest function.
Only miRNAs with an average count >100 in any of the groups were considered further.
Sub-series 3: An in-house Perl script was used to a) sum all the read counts corresponding to all isoforms of each mature miRNA accession number; b) convert the mature miRNA sequence names into the names in release 20 of miRBase; and c) generate a matrix containing the counts of all miRNAs in all input TCGA samples.
Only miRNAs having a minimum of 15 counts in at least 5.4 % of the samples in both subsets of metastatic and non-metastatic samples were selected for further analysis. The R package edgeR was then used to normalize the matrix using the TMM and obtain the genes differentially expressed between non-metastatic and metastatic samples by using the exactTest function.
Only miRNAs with an average count >100 in any of the groups were considered further, as they were deemed easily detectable markers. 
Confirmation of differentially expressed miRNAs in a validation series
RNA was extracted from formalin-fixed paraffin-embedded (FFPE) sections of the tumor tissue samples using the RNeasy FFPE kit (Qiagen, Hilden, Germany) following the manufacturer's instructions. cDNA was synthesized by reverse transcription (RT) of total RNA using the miRCURY LNA™ Universal RT miR PCR kit (Exiqon, Vedbaek, Denmark) according to manufacturer's instructions. The resulting cDNA was diluted 1:40
and PCR reactions were carried out using the ExiLENT SYBR® Green Master Mix kit (Exiqon, Vedbaek, Denmark) and microRNA LNA™ PCR primer sets (Exiqon, Vedbaek, Denmark). Stably expressed endogenous control 5S rRNA (CV of all samples=11%) was used for data normalization. The limit of detection of the instrument (Ct=40) was assigned to the samples with no detectable expression.
All qPCR reactions were performed on a QuantStudio™ 6-7 Flex Real-Time PCR System (Applied Biosystems, Foster City, California). Blanks and controls were included in all PCR series and reactions were carried out in triplicate. Expression of each miRNA was calculated with the ΔΔCt method using the Ct value of the endogenous control to normalize the data [12] .
Integration of miRNA and mRNA expression profiles of the discovery series
Step 2. Generation of normalized mRNA expression matrices including only step 1 genes (Targetome) for each sub-series was performed as specified below.
Sub-series 1:
Microarray image acquisition and analysis was done with GenePix TM Pro (Axon Instruments Inc).
The produced .gpr files were read and analyzed with limma R package [13] (version 3.26.9). Background correction was done using the "normexp" method. Normalization within arrays was performed using the "loess" method. Normalization between arrays was done applying the "quantile" method.
Sub-series 2:
We downloaded the Affymetrix (GeneChip Human Genome U133 Plus 2.0) intensity (.CEL) files of 177 samples from ArrayExpress (https://www.ebi.ac.uk/arrayexpress/) experiment ID E-MTAB-733. We read and processed these .CEL files using the affy and limma packages of R (versions 1.48.0 and 3.26.9, respectively). Background correction was done using the "rma" method, and the normalization method used was "quantiles".
Sub-series 3:
An in-house Perl script collapsed these files into a unique matrix containing the raw counts for all samples. R package edgeR (version 3.12.1) was then used to normalize the matrix using the TMM.
Generation of targetome matrices:
For each series, miRNA and mRNA expression submatrices were obtained from the miRNA and mRNA expression matrices previously generated. These submatrices contained the expression values for the sample codes shared by the miRNA expression matrix and the mRNA expression matrix. The number of sample codes shared by miRNA expression and mRNA expression matrices in each series was 87 for sub-series 1, 168 for sub-series 2, and 179 for sub-series 3.
Next, a third submatrix was generated from these submatrices for each series, containing only those genes that were included in the lists generated in Step 1 (potential gene targets for either miR-21-3p or miR-183-5p), which we designated targetome of miR-21-3p and targetome of miR-183-5p.
qPCR Regarding the cell model, 100,000 cells of each cell line were seeded in duplicate in 6 well-plates. One of the duplicates was seeded using complete medium, and the other using complete medium plus 1µg/ml doxycycline (Sigma#D9891). RNA was extracted using TRI Reagent® (MRC#TR 118) following the vendor's instructions at different time points (0, 24, 48, 84, 144 and 168 h after plating). Medium was changed after 84h. In the validation series we used the RNA that had been extracted for miRNA quantification and validation in this series.
In all cases, cDNAs were prepared from 500ng of RNA using the qScript TM cDNA Synthesis Kit (#95047-100, Quanta Biosciences, Gaithersburg, MD) and mRNA levels were quantified by real-time PCR using the
